To determine deoxyribonucleic acid sequence variability within ribosomal ribonucleic acid (rRNA) genes and flanking regions of Mycoplasma hominis, plasmids containing parts of rRNA genes from Mycoplasma sp. strain PG50 or M . hominis type strain PG21 were used as probes to detect restriction fragment length polymorphisms (RFLPs). A total of 26 M. hominis strains selected to show either maximum diversity (14 strains) or possible cluster formation (12 strains) with respect to antigenic and genetic composition were included in the study. Although most of the RFLPs observed could be explained by variation in restriction enzyme cleavage sites outside the rRNA cistrons, variation in restriction enzyme cleavage sites within rRNA cistrons was also observed. RFLPs within the rRNA genes were demonstrated in three strains from the group selected to show heterogeneity. RFLPs outside the rRNA genes were equally pronounced in the two groups of M. hominis strains.
Genes coding for ribosomal ribonucleic acid (rRNA) are among the most conserved genes in procaryotic cells, so conserved that, in spite of sequence differences, a plasmid containing the rrnB operon of Escherichia coli (5) was suitable to study the arrangement of rRNA genes in mollicutes (1) . A comparison of the sequence of the 16s rRNA from Mycoplasma sp. strain PG50 with the homologous sequences of E. coli and Bacillus brevis revealed that loops in the secondary structure were more conserved than the stems (8); thus, more conserved sequences alternated with less conserved sequences (11; for a review see reference 25) .
The mollicutes contain a low copy number (one or two) of rRNA genes (1) . The gene order in each operon is 5', 16S, 23S, 5S, 3', with spacers located between 16s and 23s and between 23s and 5s (9). The size of each operon is about 5,000 base pairs. However, differences in sequence among the mollicutes species are sufficient to produce distinct variations in Southern hybridization patterns when total mycoplasma deoxyribonucleic acids (DNAs) cleaved with restriction enzymes and separated on agarose gels by electrophoresis are hybridized with selected probes containing parts of the rRNA genes (6a, 18) .
A restriction fragment length polymorphism (RFLP) has been described for the two rRNA operons of Mycoplasma sp. strain PG50 (5a), and variation in DNA base sequences has been reported between rRNA genes in the closely related organisms Mycoplasma sp. strain PG50 and Mycoplasma capricolum (8, 13) .
Several species of mollicutes, including Mycoplasma hominis, display pronounced intraspecies heterogeneity, as judged from serological studies, nucleic acid hybridization, comparison of protein patterns, and analysis of DNA restriction enzyme cleavage patterns (2, 3, 6a, 14, 19-21; for a review see reference 16). The genetic background for this heterogeneity has not yet been investigated.
Determination of DNA sequence variability within the very conserved rRNA genes and their flanking regions was thought to provide a means of estimating sequence variation within specific regions of the genome. Such analyses should * Corresponding author also show to what extent various probes can be used for diagnostic purposes.
In this paper we report differences in hybridization patterns in 26 M . horninis strains when restriction endonuclease-cleaved DNA fragments separated on agarose gels by electrophoresis were probed with plasmids containing parts of mycoplasma rRNA genes. The RFLPs were shown to be caused by restriction endonuclease cleavage site variations inside as well as outside the rRNA genes. On basis of our results the 26 strains were divided into four different classes.
MATERIALS AND METHODS

Organisms.
The strain designations and origins of isolation of the 26 M . hominis strains tested are shown in Table 1 . A total of 14 of the strains (group I) have been described in detail elsewhere (2). These strains represent relatively wide coverage with respect to anatomical site of isolation (male and female urethras, vagina, cervix, upper urinary tract, oral cavity, and blood), association with diseases (gynecological disorders, septicemia, pyelonephritis , and wound infection), and geographical origin (England, United States, and Denmark). They were subcloned by workers in our laboratory prior to the investigations (2). All further cultivation was done directly from these subclones.
Twelve strains (group 11) were contrary selected as a homogeneous group; these organisms were fresh clinical isolates collected by workers in our laboratory during a 5-month period in 1986. The group I1 strains were from patients with gynecological disorders or patients with a history of infertility and were thus with respect to source of isolation and geographic origin selected to show possible cluster formation. The clinical samples were preincubated in BE medium (7) for 3 days; this was followed by subcultivation for 3 days in BEA medium. Identification of these strains as M . horninis was done by immunofluorescence of colonies grown on BE plates (7), using M . hominis PG21T (T = type strain) rabbit hyperimmune antiserum which was obtained from the former Food and Agricultural Organization/World Health Organization Collaborating Center for Animal Mycoplasmas, Aarhus, Denmark, and which is universally used as a standard reference reagent. The identities of the strains were confirmed by immunoblotting sodium dodecyl sulfate-polyacrylamide gel electrophoresis-separated mycoplasma proteins immunoreacted with the strain PG21T rabbit hyperimmune antiserum as described previously (2). The strains were further cultivated without any cloning.
Cultivation of strains and isolation of DNA. The organisms were grown in BEA medium (7) modified to contain only 0.3% arginine. DNA was isolated by the method of Trevino et al. (24) .
Restriction enzyme digestion of DNA. All restriction endonucleases were obtained from Boehringer GmbH, Mannheim, FederaI Republic of Germany. The reaction conditions used were those specified by the supplier. Restriction fragments were separated by electrophoresis on 0.7% agarose gels. The DNA was blotted onto nitrocellulose filters by using the method of Southern (22) .
Probes containing mycoplasma DNA. Plasmids pMY C147 , pMYC202, pMYC318, pMYC575, pMYC321, and pMYC322 containing insertions of the rRNA gene from Mycoplasma sp. strain PG50 were obtained from the PG50 clone library of Claw Christiansen. Plasmid pMH38 was obtained from our PG21T clone library. The entire plasmid DNA was labeled with [c~-~~P]deoxycytidine triphosphate by nick translation (Amersham Corp., Arlington Heights, Ill.) to a specific activity of more than lo8 dpm.
Southern hybridization. The Southern transferred nitrocellulose sheets were preincubated for 4 h at 63°C in a buffer containing 2 x SSC ( l x SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 0.5% sodium dodecyl sulfate, 100 kg of wheat germ ribonucleic acid per ml, and 5x Denhardt solution (1 x Denhardt solution contains 0.02% Ficoll, 0.02% bovine serum albumin , and 0.02% polyvinylpyrrolidone). Hybridization was performed for 16 h at 60 or 63°C in the same buffer containing the 32P-labeled nick-translated plasmid DNA. After hybridization the filters were washed in four changes of a buffer containing 2x SSC and 0.5% sodium dodecyl sulfate. The first two washes were done at room temperature; this was followed by a 3-h wash at 60°C. The filters were air dried and placed on Fuji X-ray film for 6 to 30 h.
RESULTS
The probes used to detect RFLPs in M. hominis are shown in Fig. 1 . Positioning of pMH38 was done by Southern hybridization, using overlapping recombinant plasmids containing parts of the rRNA genes from Mycoplasma sp. strain PG50 as probes. pMH38 contained a 1.2-kilobase (kb) EcoRI fragment that hybridized to plasmids containing DNA sequences from the EcoRI site in the center of the 16s rRNA gene through the 5' end of the 23s rRNA gene of PG50 (i.e., pMYC202, pMYC318, pMYC147, and pMYC321). The position of this fragment on the PG50 physical map was used in the construction of the physical map of the M. horninis rRNA genes.
The results of the RFLP analysis are shown in Table 2 and Fig. 2 . DNAs from the 26 strains were cleaved with EcoRI, with HindIII, and with both enzymes. When the DNA was cleaved with EcoRI and probed with pMYC318 containing part of the 16s rRNA gene, variation in the length of the DNA fragments hybridizing with pMYC318 listed in Table 2 was observed. In all but two strains there was hybridization to a 1.2-kb band and to two additional bands (a 1.5-kb band and a 3 . 5 , 7.2-, or 11-kb band). Strain PG21T varied from this pattern in that hybridization was observed to 1.2-, 1.4-, and 6.6-kb bands. With strains 10 and DC63 there was no hybridization to the bands at 1.2 and 1.4 kb. With strain 10 there was hybridization to 2.6-and 4.4-kb bands, and with strain DC63 hybridization was to 2.6-and 8.6-kb bands (Table 2 ). When the DNA was cleaved with EcoRI and probed with pMH38, all strains except two showed hybridization only to a 1.2-kb fragment. Strain 10 showed hybridization to 2.6-and 4.4-kb fragments, and strain DC63 showed hybridization to 2.6-and 8.6-kb fragments. When the DNA was cleaved with EcoRI and probed with pMYC575 containing part of the 23s and 5s rRNA genes, hybridization was to two DNA fragments. In most of the strains hybridization to 7.2-and 11-kb fragments occurred; in two strains (10 and W2) hybridization to 7.2-and 18-kb fragments occurred; and in four strains hybridization to 11-and 18-kb fragments occurred. One strain, strain 3849, showed a different pattern in that hybridization was to 3.5-and 18-kb fragments. hybridized with plasmid probes pMYC318, pMYC147, and pMYC575 are summarized in Table 2 . When DNA from strain SC4 was cleaved with HindIII and probed with pMYC147, hybridization was to two bands (3 and 6.1 kb). In all other strains there was hybridization to a single DNA band (3 kb). No difference in band patterns was observed whether the hybridization temperature was 60 or 63°C.
From the Southern hybridization data shown in Table 2 , we concluded that each of the 26 M . horninis strains contained two rRNA gene sets; pMYC318 (with a 650-base pair insertion) hybridized to two other bands at higher molecular weights in addition to a band at 1.2 kb, and pMYC575 (with a 1.6-kb insertion) hybridized to two bands at molecular weights higher than the molecular weight of one rRNA gene set.
By comparing the autoradiographs it was possible to align the 26 strains according to EcoRI and HindIII restriction enzyme sites within the rRNA genes (Fig. 2) that all but two strains (DC63 and 10) possess two EcoRI sites within the rRNA genes. In strains DC63 and 10 the EcoRI site positioned in the 16s rRNA genes is missing. All strains except one (SC4) possess two HindIII sites within the rRNA genes. In SC4 the HindIII site within one of the 23s rRNA operons is missing. Variations in EcoRI and HindIII sites in the regions flanking the rRNA operons are shown in Fig. 2 and Table 2 . Variation in these sites is frequent, as indicated in Fig. 2 . The positions of the restriction endonuclease sites was confirmed by Southern blotting of doubledigested DNAs (Table 2) . Division of the 26 M. hominis strains into subclasses according to positions of EcoRI and HindIII sites within the rRNA genes gave one major class consisting of all but three strains (viz., strains 10 and DC63, with only one EcoRI site, and strain SC4, which is missing one HindIII site in one of the two operons) (Fig. 2) . If the heterogeneity in the EcoRI and HindIII sites located in the regions flanking the two rRNA genes is included in the analysis, the 26 strains can be divided into four classes, as shown in Table 3 . Class 1 consists of six strains with identical band patterns; three strains are from group I (strains selected to show heterogeneity [2]), and three strains are from group I1 (clinical isolates). Class 2 consists of three strains, two from upper urinary tracts (group I) and one from a urethra (group 11). Class 3 consists of two strains, one from a vagina (group I) and the other from a cervix (group 11). Class 4 consists of the 15 strains that show unique band patterns; 8 strains are from group I, and 7 strains are from the fresh isolates (group 11). Of these seven latter strains, five (strains 3849, 7488, 8264, 4712, and 4076) were cleaved at unique sites not present in any of the group I strains (Fig. 2 and Table 2 ).
DISCUSSION
The use of defined DNA fragments as diagnostic probes in mycoplasmology has been suggested previously (16). Several authors (1, 12, 16, 17) have suggested that use of fragments of very conserved genes for nucleic acid hybridization produces such unique patterns that the method could be valuable for identification of mycoplasma species recovered from humans, cell cultures, plants, or animals. Highly conserved genes in microorganisms, such as the rRNA genes, have been shown to cross-hybridize to a great variety of different Mycoplasma species (6a, 23) with unique band patterns in Southern blots.
In order to investigate the suitability of this method for identification of a very heterogeneous Mycoplasma species, we analyzed 26 strains of M. hominis for microheterogeneity in the rRNA genes and their flanking regions. Microheterogeneity within rRNA operons in a single bacterium has been described by Boros et al. (4) . These authors constructed a detailed physical map of the seven rRNA operons of E. coli. The seven genes were essentially identical, but minor variations were described. (An EcoRI site was missing in rrnF or rrnG, the internal EcoRI fragment in rrnC was shorter than the fragment in the other genes, and a second HindIII site was described in rrnB.) The 5' flanking regions are also very similar (15), but further upstream the sequences diverge, as detected by variations in restriction enzyme cleavage sites (4).
The low number of rRNA genes in mycoplasmas suggests that only minor variations in rRNA coding regions are tolerated since loss of a functional operon probably leads to the death of the microorganism. Therefore, the discovery of the lost EcoRI site in strains 10 and DC63 and the lost HindIII site in one of the operons of strain SC4 probably indicates that these sites occur in a variable region. However, mycoplasmas might be less sensitive to base variations since sequences of 16s rRNA that normally are constant in other microorganisms differ in mycoplasmas (25) .
The number of EcoRI restriction enzyme recognition sites within the rRNA genes of mycoplasmas is low. In most of the species analyzed there is either one such site or none at all, making analysis of EcoRI fragments containing parts of rRNA genes simple to interpret (16). In M. hominis we found two EcoRI sites located 1.2 kb apart in 24 of the 26 strains analyzed, as indicated in Fig. 2 . The loss of one of the EcoRI sites in strains 10 and DC63 affects the band patterns in the autoradiograms of EcoRI-cleaved DNAs (the characteristic 1.2-kb band disappears).
The number of HindIII sites within the rRNA genes of mycoplasmas is more variable. In Mycoplasma arthritidis there are no HindIII sites, whereas in Mycoplasma pneumoniae there are six sites, in Mycoplasma hyorhinis there are 5 sites (lo), and in spiroplasma strains there are two such sites (16). The two HindIII sites in M. hominis are situated 3 kb apart in the center of the 16s and 23s rRNA genes (Fig. 3) . These two sites are found in all 26 strains. In strain SC4, however, the 23s HindIII site is missing in one of the two operons.
Only limited information about variation in restriction enzyme recognition sites within the rRNA genes of a given Mycoplasma species is available. In several Spiroplasma species one EcoRI site, one PstI site, and two HindIII sites Since the DNA regions flanking the two rRNA genes are different (15a), the length of DNA fragments exceeding the I-RNA genes varies for the two genes. Heterogeneities in restriction enzyme recognition sites are expected to be more pronounced in these regions. Therefore, RFLPs should be imore pronounced when this part of the genome is included in the analysis. As shown in Fig. 2 , variation in EcoRI and HindIII sites outside the rRNA genes is frequent in the 26 M. hominis strains which we compared.
There is some indication (3) that M . hominis strains isolated from identical anatomical areas show some cluster formation. To determine whether this is reflected in RFLPs of the rRNA genes and their flanking regions, two groups of strains were selected for our study. Included in group I was the type strain, the five strains (strains 93, 10, 4195, 183, and 132) suggested by Lin and Kass (14) to be prototypes for five serogroups of M. hominis, and an additional nine strains selected according to geographical and anatomical origin of isolation (2). The strains of the second group were selected to show possible cluster formation in that the strains were selected from fresh isolates collected over a 5-month period by workers in our laboratory. No cluster formation was observed in group 11. Seven strains showed unique band patterns, and five of these strains had EcoRI or HindIII sites not present in group I (Fig. 2) . Although the strains were cultivated without cloning, none of the strains showed signs of being mixtures of different M . hominis strains. Subdivision of the 26 M . hominis strains revealed very similar degrees of heterogeneity within the two groups of strains (Table 3) .
When the subdivision based on RFLPs of rRNA genes is compared with subdivision based on RFLPs in the atp operon of the 14 strains included in group I, a different grouping of the strains appears (6). Therefore, cumulative analyses of RFLPs of different but at the same time very conserved genes do not allow subgrouping of these M . hominis strains.
If the RFLPs observed in this study for M . hominis reflect a general variation within rRNA genes in mycoplasmas, a much more detailed analysis of strain variation is needed to justify the use of hybridization patterns as species-specific diagnostic markers. Selection of small probes (20 to 30 bases) based on intensive sequence analyses as described by Gobel et al. (11) might provide a specific and sensitive tool for identification of mycoplasmas in clinical samples.
